The whole plant of the fern Diplazium subsinuatum (WALL. ex HOOK. et GREV.) Tagawa (Herashida in Japanese; Woodsiaceae) has been used as a folk medicine (diuretic, hydragogue, etc.) in China.
1
H-1 H and 13 C-1 H shift-correlation spectroscopy (COSY), nuclear Overhauser enhancement spectroscopy (NOESY), and heteronuclear multiple bond correlation spectroscopy (HMBC)] experiments.
Diplazioside V (1), colorless needles of mp 297-298°C, [a] D Ϫ1.7°(cϭ0.69, pyridine) showed strong bands at 3420 and 1732 cm Ϫ1 due to hydroxy and lactone carbonyl residues, respectively, in the IR spectrum. In the FAB-MS (negative mode) spectrum, 1 gave the [MϪH] Ϫ ion at m/z 795, and based on the high resolution (HR) spectrum in the same mode, 1 was formulated as C 42 H 68 O 14 . In addition, the FAB-MS (negative mode) afforded significant fragments at m/z 633 and 471, arising from the loss of one and two hexosyl units from the [MϪH] Ϫ ion, respectively. In the 1 H-NMR spectrum (Table 1) , 1 showed the presence of six tert methyls, a hydroxymethylene, and an oxygenated methine in the aglycone part and two anomeric protons [d 4.89 (d, Jϭ 7.8 Hz, Glc 1Ј-H), 5 .54 (d, Jϭ7.8 Hz, Glc 1Љ-H) ] in the sugar part. These data by MS and NMR suggested that 1 is a triterpene diglycoside carrying two hexoses as the sugar part.
The chemical shifts of carbons (Table 2) attributed to the aglycone part of 1 were compared with those of diplazioside I (ϭ24-O-glycoside of 24-hydroxyhopan-28,22-olide). 4) The chemical shifts of the D/E ring carbons (C 13 -C 22 and C 27 -C 30 ) of 1 were superimposed on those of diplazioside I, suggesting that a hopane-triterpene with a 28,22-lactone moiety is reasonably assigned as the partial structure for the agly-cone of 1. This comparison also suggested the presence of additional hydroxyl (or oxygenated) groups at C 3 and C 24 on the aglycone of 1. Furthermore, the location and configuration of these hydroxy (or oxygenated) groups were substantiated based on the following 1 5) was decided to be at C 24 based on the presence of cross peaks between both protons of 24-H 2 and both methyls of 23-H 3 and 25-H 3 in the NOESY spectrum. In this hydroxymethylene [C (24) H 2 OH], the hydroxy proton coupled with one of the methylene protons, demonstrating that the 24-hydroxy group exists in a free alcohol form in 1. These spectral findings, in conjunction with the presence of correlation in the NOESY (between 3a-H and Glc 1Ј-H) and HMBC (between Glc 1Ј-H and 3-C) spectra, revealed the disaccharide moiety to be connected at the 3b-OH via a glycosidic linkage. Assignments of a b-D- (Tables 1 and 2 , respectively) and of NOESY (between Glc 1Љ-H and Glc 2Ј-H) and HMBC (between Glc 1Љ-H and Glc 2Ј-C) correlations. 6) In conclusion, diplazioside V is defined as 3b A detailed comparison of the 1 H-and 13 C-NMR assignments (Tables 1, 2 , respectively, in the IR spectrum. The neg. FAB-MS study, followed by the HR mode, revealed that 3 possesses a molecular formula (C 42 H 68 O 15 ), the same as that of 2 and larger by one oxygen-atom unit than that of A detailed comparison of 3 with 1 in their 13 C-NMR assignments (Table 2) The fourth new compound (4) ; an acetyl and lactone carbonyl absorption) spectra.
A detailed comparison of the 13 C-NMR data of 4 with those of 3 ( respectively.
In the course of the 1 H-NMR studies toward the structural elucidation of 1-4, we encountered an interesting and novel example on the coupling constant, closely related to the conformational analysis of the terpenic 24-hydroxymethylene in 1-4, as follows. In each of compounds of 1-4, the 24-hydroxy proton coupled with one (H-24b) of the 24-methylene protons with a large J-value (11.4 Hz in every of 1-4) in pyridine-d 5 solutions, suggesting that a dihedral angle between these two protons in the coupling must be estimated to be near 180°, hence, these two protons are in anti-parallel relation with each other. This finding also shows that both of the C (4) -C (24) and C (24) -O bonds in the 24-hydroxymethylene of 1-4 are not in free rotation but in a rigid conformation, fixed by any steric interaction. As a candidate steric factor in this case, an intramolecular hydrogen-bond is assumed to be most conceivable, although we have no chemical proof in favor of this presumption at present. Among 1-4, especially in 4, the presence of a hydrogen-bond between the terpenic 24-OH and the 6Љ-O-acetyl carbonyl group on the terminal glucose is reasonably presumed based on a Dreiding model inspection. Furthermore, the 24-OH group in 1-3 appears to also be fixed in its conformation by a hydrogen-bond interaction analogous to that in 4. In the case of the diglucosides 1-3, we could not exactly determine the partner of the 24-OH in a hydrogen-bond interaction, but the first candidate was deduced to be the primary alcohol (6Љ-OH) on the terminal glucose based on a Dreiding model inspection.
As described above, in the diglucosides 1-3 and the 6Љ-O-acetyl diglucoside 4, the 24-hydroxymethylene moiety gave a characteristic coupling pattern involving a coupling with a large J-value (11.4 Hz) between the hydroxy proton and one of the methylene protons in the 1 H-NMR spectra. As a reason for this unique coupling pattern, it was presumed that the conformation of the 24-primary alcohol group must be fixed through the intramolecular hydrogen-bond with the 6Љ-OH in 1-3 or with 6Љ-O-acetyl carbonyl in 4.
To our knowledge, such a large coupling constant of a hydroxy proton with the proton on the adjacent carbon atom, as observed in the 24-primary alcohol (Jϭ11.4 Hz) of 1-4, has not previously been known in naturally occurring compounds. Therefore, this report must provide the first or rare instance of such. 8) In our subsequent research, we examined a coupling pattern of the 24-hydroxymethylene in both the 3-O-monoglucoside (2a) and the aglycone (2b), previously derived from one (2) of the diglucosides by acid hydrolysis, based on the 1 H-NMR spectra in pyridine-d 5 solutions. In 2a, the 24-hydroxymethylene moiety gave a series of signals, , it was also deduced that the two hydroxy groups at C-3 and C-24 in 2b are favorably located so that they must form an intramolecular hydrogen-bond. As mentioned above, the 24-hydroxymethylene group in the monoglucoside 2a and the aglycone 2b, as well as in the diglucosides 1-3 and the 6Љ-O-acetyl diglucoside 4, also showed characteristic coupling, with a large J-value between the 24-OH and 24b-H (10.2 Hz in 2a and 7.8 Hz in 2b); hence, in 2a and 2b it was also deduced that the 24-hydroxymethylene groups must be in preferred conformations through the intramolecular hydrogen-bond interactions in pyridine-d 5 solutions.
Experimental
General Remarks All melting points were recorded on a Yanagimoto melting point apparatus without correction. IR spectra were measured with a JASCO A-302 spectrometer in KBr discs, and 1 H-and 13 C-NMR spectra with a GE-Omega 600 ( Extraction and Isolation Wild Diplazium subsinuatum was collected in the Awa District, Chiba Prefecture, Japan in 1994. The whole plant (30 g), air-dried and cut, was extracted twice with boiling water (700 ml) for 1 h. After filtration, the resulting aqueous solution was extracted three times with 1-butanol (1.2 l) and the solvent was taken off in vacuo to give a butanol extract. Repetition of a similar extraction procedure afforded a total of 82.2 g of the butanol extract from 2.73 kg of the plant material. The whole of the obtained butanol extract was chromatographed on silica gel, and eluted successively with the lower phase of CHCl 3 -MeOH-H 2 O (9 : 3 : 1, 7 : 3 : 1) and a mixture solvent of CHCl 3 -MeOH-H 2 O (6 : 4 : 1) to give 13 fractions (Nos. 1 to 13). Fraction No. 5 (765 mg) was subjected to reversed-phase (ODS) column chromatography (eluting with 70% aqueous MeOH), followed by preparativeHPLC (70% aqueous MeOH) to afford 1 (16.9 mg) and 4 (31. 8 Tables 1 and 2 , respectively. Acid Hydrolysis of the Diglucoside (2) Giving the Corresponding Monoglucoside (2a) and Aglycone (2b) A solution of 2 (10 mg) in 1 N HCl-MeOH (1 : 1, 4 ml) was heated under reflux for 7 h. In this reaction, in order to efficiently obtain both hydrolysates 2a and 2b, the best reaction time was investigated under TLC monitoring and determined to be 7 h. The reaction mixture was diluted with water and extracted with a mixture of AcOEt and n-BuOH (1 : 1). After the usual work-up of the extract, the product obtained was subjected to HPLC separation with 80% aqueous MeOH as an eluting agent to give 2 (0.7 mg), 2a (1.2 mg), and 2b (3.0 mg) 13 C-NMR: Given in Table 2 .
Determination of Configurations of Glucosyl Moieties in 1-4 6)
A solution of each of 1-3 (each 1.0 mg) in 2 M HCl-EtOH (1 : 1; 0.5 ml) was refluxed for 3 h. The mixture solution was extracted with EtOAc and the residual aqueous layer was neutralized with Ag 2 CO 3 . After centrifugation of the inorganic precipitate, the supernatant was concentrated in vacuo to afford a glucosyl residue. The residue was subjected to the preparation of the corresponding thiazolidine derivative, followed by trimethylsilylation and GLC analysis, according to the reported procedure.
6) The D-configuration for glucose obtained from each of 1-3 was decided, based on direct comparison with the D-and L-standards of glucose (t R : D-Glc, 14 min 25 s; L-Glc, 15 min 10 s). In the case of 4 containing a 6-O-acetyl glucosyl moiety, saponification of 4 in 2 M aqueous NaOH-MeOH (1 : 1; 0.5 ml) under reflux for 2 h gave the corresponding diglucoside (identified with 3 by TLC), which was treated in a manner similar to the case of 1-3 to confirm D-glucose as the component sugar. GC conditions: capillary column, TC-1 (0.32 mm i.d.ϫ30 m, GL Sciences Inc.); detector, hydrogen flame ionization detector; column temperature, 230°C; injection temperature, 250°C; carrier N 2 gas.
